A one-pot route to 2-alkyl and 2-aryl-4H-benzo [d] [1, 3] oxazin-4-ones (also known as 4H-3,1-benzoxazin-4-ones) has been developed and studied. The method involves the reaction of aryl-substituted anthranilic acids with orthoesters in ethanol catalyzed by acetic acid. Additionally, we have also investigated the reaction under microwave conditions. Not all of the substrates were successful in yielding the target heterocycles as some of the reactions failed to undergo the final elimination. This process led to the isolation of (±)-2-alkyl/aryl-2-ethoxy-1,2-dihydro-4H-benzo[d] [1, 3] oxazin-4-ones. The formation of the dihydro analogs correlated with the electron density on the aromatic ring: Electron-donating groups favored the 4H-benzo[d] [1, 3] oxazin-4-ones, while electron-withdrawing groups tended to favor the dihydro product. Substituting a pyridine ring for the benzene ring in the substrate acid suppressed the reaction.
Introduction
We recently reported the high-yield synthesis of quinazolin-4(3H)-ones by reaction of 2-aminobenzamides with orthoesters in ethanol promoted by acetic acid [1] . These heterocycles have received considerable attention as they have demonstrated diverse biological activities. With the success of this previous study, we sought to evaluate a similar strategy for the synthesis of 2-alkyl and 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones (also known as 4H-3,1-benzoxazin-4-ones). These compounds are less stable, and thus have been less well studied. An early account noted that several substituted structures related to compound 1 exhibited hypolipidemic activity [2] . Other benzoxazinones demonstrated potential as protease inhibitors. In particular, 4H-benzo[d] [1, 3] oxazin-4-one 2 was shown to have substrate inhibitory activity towards the serine protease human leukocyte elastase which is the presumed tissue degenerating agent in the pathogenesis of several diseases [3] . Two additional studies revealed that 3 and 4 interfered with the action of intramembrane serine proteases known as rhomboids that are important in the progression of diseases such as cancer, diabetes, invasion of apicomplexan parasites, and Parkinson's disease [4, 5] . Thus, access to these drug candidates would allow further study of the etiology of these diseases and could lead to new drugs to treat them. Structures 1-4 are shown in Figure 1 . Apart from investigations of their potential use as drugs, 4H-benzo[d] [1, 3] oxazin-4-ones have also been used as precursors to new heterocycles [6] as well as interesting peptide based oligomers [7] .
Classic approaches to 4H-benzo[d] [1, 3] oxazin-4-ones involved reaction of anthranilic acid with two equivalents of benzoyl chloride in pyridine to afford >90% of 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones [2] . Similarly, treatment of substituted anthranilic acids with one equivalent of various acid chlorides to give the 2-amidobenzoic acid, followed by boiling in acetic anhydride, also afforded these products in good yields [8, 9] . A later synthesis of 4H-benzo[d] [1, 3] oxazin-4-ones described a high-yield palladium-catalyzed Classic approaches to 4H-benzo[d] [1, 3] oxazin-4-ones involved reaction of anthranilic acid with two equivalents of benzoyl chloride in pyridine to afford >90% of 2-aryl-4H-benzo[d] [1, 3] oxazin-4ones [2] . Similarly, treatment of substituted anthranilic acids with one equivalent of various acid chlorides to give the 2-amidobenzoic acid, followed by boiling in acetic anhydride, also afforded these products in good yields [8, 9] . A later synthesis of 4H-benzo[d] [1, 3] oxazin-4-ones described a highyield palladium-catalyzed cyclocarbonylation of o-iodoanilines with acid chlorides [10] . Furthermore, three oxidative approaches to these aryl-fused heterocycles have also been reported. In the first example, copper was used to promote the conversion of 2-alkynylanilines to 2-aryl-4Hbenzo[d] [1, 3] oxazin-4-ones using base conditions under oxygen atmosphere [11] . Another approach utilized oxone in nitromethane at 100 °C to accomplish the oxidation of 2-arylindoles to these same targets. A third oxidative procedure involved the water assisted oxidation of 2-arylindoles to 2-aryl-4H-benzo[d] [1, 3] oxazin-4-ones using (diacetoxyiodo)benzene [12] . Finally, a method related to the current procedure was reported for a small series of compounds substituted by phenyl at C2. This procedure utilized microwave energy to promote the formation of 2-phenyl-4H-benzo[d] [1, 3] oxazin-4-ones from four anthranilic acids and triethyl orthobenzoate [13] . The yields varied in this reaction, but no problems were noted. In the current study, we have attempted to expand the scope of this transformation, examining the reaction of additional aryl-substituted anthranilic acids with four orthoesters. The results of our study are detailed below.
Results and Discussion
Scheme 1 depicts the focus and scope of the current study. We have explored the synthesis of a range of 4H-benzo[d] [1, 3] oxazin-4-ones from the reaction of six anthranilic acids with a range of commercially available orthoesters (Tables 1 and 2). The reaction was run under two sets of conditions: one under thermal conditions promoted by acid, and the other under microwave conditions. The acid promoted conditions involved heating anthranilic acid (1 equivalent) with the orthoester (4.5 equivalents) in the presence of AcOH (2.6 equivalents), neat, at 100 °C, for 4-48 h. The microwave reaction was run using anthranilic acid (1 equivalent) and the orthoester (2.0-2.7 equivalents), neat, without AcOH, at 100 °C (400 W), for 0.75-3 h. Upon cooling, the products from both procedures crystallized from the crude reaction mixtures and were purified by trituration from 5% pentane in ether. [1, 3] oxazin-4-ones with potential drug activity.
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The presumed mechanism for the formation of 4H-benzo[d] [1, 3] oxazin-4-ones is shown in Scheme 2. The process involves initial protonation of the orthoester and loss of ethanol to afford the stabilized carbocation A. Attack on A by the anthranilic acid amino group, proton exchange and loss of a second molecule of ethanol would then yield iminium ion B. Subsequent closure of the acid oxygen on the iminium carbon and proton exchange would give ring closed dihydro product C. Finally, protonation of C to give D and loss of ethanol would then generate the desired heterocycle E. In most cases, it was possible to isolate at least one of the products in pure form. The lone exception was the attempted conversion of 5 to 17c with triethyl orthobutyrate (c), which gave an inseparable mixture of the benzoxazinone and dihydro product under all conditions. Attempts to drive the reaction to the benzoxazinone using 5 equivalents of AcOH or spiking the reaction with H2SO4 failed to alter the outcome, while treatment with base (K2CO3, EtOH, molecular sieves) resulted in ring opening to the N-acylanthranilic acid. Finally, in attempted reactions of 2-aminonicotinic acid (10) , triethyl orthoacetate (a) proceeded to give dihydro product 21a, but all others afforded only ethyl 2-aminonicotinate resulting from esterification of the substrate acid.
The presumed mechanism for the formation of 4H-benzo[d] [1, 3] oxazin-4-ones is shown in Scheme 2. The process involves initial protonation of the orthoester and loss of ethanol to afford the stabilized carbocation A. Attack on A by the anthranilic acid amino group, proton exchange and loss of a second molecule of ethanol would then yield iminium ion B. Subsequent closure of the acid oxygen on the iminium carbon and proton exchange would give ring closed dihydro product C. Finally, protonation of C to give D and loss of ethanol would then generate the desired heterocycle E. Scheme 2. Presumed mechanism for formation of 4H-benzo[d] [1, 3] oxazin-4-ones.
Difficulty was noted in the final elimination of ethanol when the aromatic ring carried a second electron-withdrawing group (EWG) in addition to the adjacent ester carbonyl. For this elimination, the availability of the unshared electron pair on N1 and its ability to align antiperiplanar to the departing alcohol were assumed to be keys to the success of this elimination. The availability of these electrons, however, would be diminished in substrates with a strongly electron-deficient ring. Relatively little seems to be known about the necessity for the antiperiplanar alignment of the unshared pair for efficient elimination in this system. This anomeric effect has been extensively studied in acetals and hemiacetals [14] , but much less so for their nitrogen analogs since elimination is normally facile. If achievable, conformation D1 would result in good overlap for elimination of ethanol (see Figure 2 ). Placement of the C2 ethoxy group in a pseudo-axial position for this elimination should be favorable since this group is considered to be sterically smaller than an alkyl group [15, 16] . However, this conformation also maximizes overlap of the N1 electron pair with the aromatic ring as well as the ortho carbonyl, and this could slow the elimination if the aromatic ring bears an additional electron-withdrawing substituent. The alternative conformation D2 is not optimally aligned for elimination (see Figure 2 ). If the ring closure and protonation steps led to this conformation, conversion to D1 could occur, but would likely be sluggish since flexibility in this rigid system is allowed only at the saturated atoms of the benzoxazinone. Difficulty was noted in the final elimination of ethanol when the aromatic ring carried a second electron-withdrawing group (EWG) in addition to the adjacent ester carbonyl. For this elimination, the availability of the unshared electron pair on N1 and its ability to align antiperiplanar to the departing alcohol were assumed to be keys to the success of this elimination. The availability of these electrons, however, would be diminished in substrates with a strongly electron-deficient ring. Relatively little seems to be known about the necessity for the antiperiplanar alignment of the unshared pair for efficient elimination in this system. This anomeric effect has been extensively studied in acetals and hemiacetals [14] , but much less so for their nitrogen analogs since elimination is normally facile. If achievable, conformation D1 would result in good overlap for elimination of ethanol (see Figure 2 ). Placement of the C2 ethoxy group in a pseudo-axial position for this elimination should be favorable since this group is considered to be sterically smaller than an alkyl group [15, 16] . However, this conformation also maximizes overlap of the N1 electron pair with the aromatic ring as well as the ortho carbonyl, and this could slow the elimination if the aromatic ring bears an additional electron-withdrawing substituent. The alternative conformation D2 is not optimally aligned for elimination (see Figure 2 ). If the ring closure and protonation steps led to this conformation, conversion to D1 could occur, but would likely be sluggish since flexibility in this rigid system is allowed only at the saturated atoms of the benzoxazinone. Molecules 2019, 24, x FOR PEER REVIEW 6 of 11 
Experimental Section

General
All commercial reagents and solvents were used as received. Unless otherwise indicated, all reactions were carried out under dry N2 in oven-dried glassware. Reactions were monitored by thin layer chromatography (TLC) using silica gel GF plates (Analtech No. 21521, Newark, DE, USA). Microwave reactions were performed in 2-5 mL microwave tubes (Biotage No. 354624, Charlotte, NC, USA) at 100 °C using a Biotage Initiator 2.5 system (Charlotte, NC, USA) at a power of 400 W from a magneton at 2.45 GHz. Melting points were obtained on a MEL-TEMP apparatus (Laboratory Devices, Cambridge, MA, USA), and were uncorrected. FT-IR spectra were run using a Varian Scimitar FTS 800 spectrophotometer (Randolph, MA, USA) as thin films or nujol mulls on NaCl disks. 1 H-and 13 C-NMR spectra were measured using a Bruker Avance 400 system (Billerica, MA, USA) in the indicated solvents (Cambridge Isotope, Andover, MA, USA) at 400 MHz and 101 MHz, respectively, with (CH3)4Si as the internal standard; coupling constants (J) are given in Hz. Copies of NMR spectra for the products are included in the Supplementary Information. High-resolution mass spectra (HRMS-ESI) were obtained using a Thermo LTQ-Orbitrap XL mass spectrometer (Thermo Scientific, Waltham, MA, USA).
Representative Procedure under Thermal Conditions. Method 1
The anthranilic acid (1.0 mmol) and the orthoester (4.5 mmol) were placed in a 15-mL Chemglass screw-cap pressure tube (CG-1880-01, Vineland, NJ, USA). Glacial acetic acid (2.6 mmol) was added, N2 was introduced to the vessel and the cap was tightened. The vessel was heated at 100 °C under neat conditions for 4-48 h, and then cooled to room temperature. Upon cooling, the crude product crystallized from the reaction mixture and was purified by trituration from 5% ether in pentane.
Representative Procedure under Microwave Conditions. Method 2
A solution of the anthranilic acid (1.0 mmol) in the orthoester (0.45 mL, 2.0-2.7 equivalents) was prepared in a 5-mL microwave tube and stirred for 30 s prior to irradiation at the "high absorption" setting. The reaction was performed under N2 at 100 °C (400 W) for 0.75-3 h. Upon cooling, the crude product crystallized from the reaction mixture and was purified by trituration from 5% ether in pentane.
The following compounds were prepared: [1, 3] oxazin-4-one (11a): 130 mg (81%, method 1) and 132 mg (82%, method 2) as white crystals, m.p. 79-80 °C (ref. 
2-Methyl-4H-benzo[d]
Experimental Section
General
All commercial reagents and solvents were used as received. Unless otherwise indicated, all reactions were carried out under dry N 2 in oven-dried glassware. Reactions were monitored by thin layer chromatography (TLC) using silica gel GF plates (Analtech No. 21521, Newark, DE, USA). Microwave reactions were performed in 2-5 mL microwave tubes (Biotage No. 354624, Charlotte, NC, USA) at 100 • C using a Biotage Initiator 2.5 system (Charlotte, NC, USA) at a power of 400 W from a magneton at 2.45 GHz. Melting points were obtained on a MEL-TEMP apparatus (Laboratory Devices, Cambridge, MA, USA), and were uncorrected. FT-IR spectra were run using a Varian Scimitar FTS 800 spectrophotometer (Randolph, MA, USA) as thin films or nujol mulls on NaCl disks. 1 Hand 13 C-NMR spectra were measured using a Bruker Avance 400 system (Billerica, MA, USA) in the indicated solvents (Cambridge Isotope, Andover, MA, USA) at 400 MHz and 101 MHz, respectively, with (CH 3 ) 4 Si as the internal standard; coupling constants (J) are given in Hz. Copies of NMR spectra for the products are included in the Supplementary Information. High-resolution mass spectra (HRMS-ESI) were obtained using a Thermo LTQ-Orbitrap XL mass spectrometer (Thermo Scientific, Waltham, MA, USA).
Representative Procedure under Thermal Conditions. Method 1
The anthranilic acid (1.0 mmol) and the orthoester (4.5 mmol) were placed in a 15-mL Chemglass screw-cap pressure tube (CG-1880-01, Vineland, NJ, USA). Glacial acetic acid (2.6 mmol) was added, N 2 was introduced to the vessel and the cap was tightened. The vessel was heated at 100 • C under neat conditions for 4-48 h, and then cooled to room temperature. Upon cooling, the crude product crystallized from the reaction mixture and was purified by trituration from 5% ether in pentane.
Representative Procedure under Microwave Conditions. Method 2
A solution of the anthranilic acid (1.0 mmol) in the orthoester (0.45 mL, 2.0-2.7 equivalents) was prepared in a 5-mL microwave tube and stirred for 30 s prior to irradiation at the "high absorption" setting. The reaction was performed under N 2 at 100 • C (400 W) for 0.75-3 h. Upon cooling, the crude product crystallized from the reaction mixture and was purified by trituration from 5% ether in pentane.
The following compounds were prepared:
2-Methyl-4H-benzo[d] [1, 3] oxazin-4-one (11a): 130 mg (81%, method 1) and 132 mg (82%, method 2) as white crystals, m.p. 79-80 • C (ref. 
